In patients with rectal cancer, the development of surgical technique with total mesorectum excision, as developed by Heald et al, led to the improvement of local control of the disease and patient survival.
1 During the last 15 years, a significant evolution has emerged in the surgical treatment of rectal cancer and restoration of bowel continuity has been one of the main goals. The surgical procedure of intersphincteric resection (ISR) has been proposed to offer sphincter preservation in patients with low rectal cancer and has been legitimized if executed according to adequate oncologic criteria. 2 The goal of ISR is to divide the rectum transanally and to remove partly or totally of the internal anal sphincter (IAS), to obtain adequate distal margin and restore bowel continuity. Further understanding of the safe distal resection margin coupled with advanced surgical procedures and tools has allowed an increased incidence of sphincter-saving procedures without compromising oncologic outcomes.
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Anatomy of the Low Rectum and the Anal Canal
The Low Rectum and the Pelvic Floor
The low rectum is usually defined as the lower third of the rectum within 6 cm from the anal verge. 6 It can be considered as the area of the rectum below the origin of the levator ani muscle where the mesorectum fuses with the rectosacral fascia and tapers together at the anorectal junction. At this level, the rectum is supported by:
• The rectosacral fascia which goes from the presacral fascia in front of S4 to the mesorectum above the pelvic floor, • The levator ani muscle which is formed by three main components: puborectalis, pubococcygeus, iliococcygeus, and the fourth variable component, the iliococcygeus or coccygeus muscle.
The puborectalis muscle forms a strong U-shaped sling of striated muscle that pulls the lower rectum anteriorly just above the anal canal and blends with the top of the external anal sphincter (EAS) forming the anorectal ring.
The Anal Canal and the Intersphincteric Space
The anal canal varies from 2 to 5 cm in length with a significant difference between genders. 7 The wall of both the low rectum and anal canal is composed of three main layers: the mucosa, the submucosa, and the muscularis. However, the muscularis layer is different between the low rectum and the anal canal (►Fig. 1). Indeed, the muscularis of the low rectum comprises:
together into a small layer of connective tissue to form the intersphincteric space of the anal canal. This latter fibroelastic layer separates the IAS from the EAS which comprises striated muscle fibers that blend with the puborectalis component of the levator ani muscle to form a muscular anal ring.
The upper third of the anal canal is located between the anal ring and the dentate line which represents histologically the point at which the columnar epithelium of the rectum becomes the transitional epithelium. 8 Below the dentate line, in the lower two-third of the anal canal, the EAS extends further than IAS to the anal verge. This point is very important for the assessment of the lower edge of the tumor from the anal verge in an awake patient. These anatomical characteristics of the low rectum and the anal canal emphasize the decrease of tissue surrounding low rectal cancer leading to a potentially greater risk of resection margin involvement compared with mid and high rectal cancer.
Surgical Margins of the Low Rectal Cancer The Distal Resection Margin
Historically, 5 cm of distal bowel margin was required to remove the rectal cancer, and abdominoperineal resection (APR) was used for both mid and low rectal cancer. 9 Since the 1980s comparison between local recurrence and pathologic data suggested that a 2 cm distal bowel margin was adequate. 10, 11 Therefore, only low rectal cancer defined by tumors < 5 cm from the anal verge or < 2 cm from the anal ring were treated by APR. More recently, since 2005 it is admitted that the distal resection margin can be shortened to 1 cm for most tumors.
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Some authors suggest the feasibility to decrease the distal resection margin close to 5 mm after radiochemotherapy.
14 However, this can increase the risk of R1 resection due to positive distal margin, because the distal edge of the tumor may be difficult to identify after neoadjuvant treatment, especially in the case of good response. Our surgical strategy is therefore to keep the 1 cm distal rule and to decide the level of rectal transection before irradiation. Finally, we must keep in mind that by removing part or the whole of the internal sphincter, a safe distal resection margin can be achieved in all cases. 15 Using the technique of interphincteric resection modifies the concept of decision-making for sphincter conservative surgery, which finally does not depend on the distance between the tumor and the anal ring.
The Circumferential Resection Margin
In modern surgery for low rectal cancer, the concept of the distal rule must be, in significant part, replaced by the concept of the circumferential resection margin (CRM).
Patients with positive CRM ( 1 mm) are associated with a high rate of local recurrence, as compared with those with negative CRM (> 1 mm) following rectal excision with or without neoadjuvant radiotherapy. 16, 17 In the case of low rectal cancer, positive CRM means infiltration by the tumor into the skeletal muscles of the pelvic floor, that is, the EAS or the levator ani muscles. Pelvic magnetic resonance imaging (MRI) using external phased-array coils on high-magnetic-field (1.5 T) scanners with thin section (2.5 mm) are crucial for staging low tumors. 18, 19 In our practice, in addition to classic series, high spatial resolution T2-weighted thin-section images in the coronal plane, parallel to the anal canal, are used for optimal visualization of the levator ani, the sphincter complex, the intersphincteric plane, and the relationship to the rectal wall. Invasion of the intersphincteric plane by the tumor at MRI is the absolute contraindication for intersphincteric resection. 
Classification of Low Rectal Cancer and Standardization of Surgery
Neoadjuvant radiochemotherapy for low rectal cancer induces downsizing and downstaging that theoretically facilitates sphincter-saving surgery, at least in experienced hands.
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Reproducibility of such experience, however, remains questionable, as suggested by four reviews which failed to demonstrate any actual decrease in rate of APR following preoperative radiotherapy. [27] [28] [29] [30] Some reasons could explain this discrepancy. First, there is no set definition of low rectal cancer. Low rectal cancer is usually described as a tumor with a lower edge below 5 or 6 cm from anal verge, or less than 2 cm from the dentate line, while the length of the anal canal and the level of the dentate line can vary between patients. 7 Second, surgery for low rectal cancer is not standardized, as underlined by the high variation rate of APR for rectal cancer, from 8.5 to 53%, observed across English hospitals. 31 Third, surgeons and oncologist usually do not reclassify or restage rectal cancer after neoadjuvant therapy, limiting changes in surgery type. Therefore, we have proposed a new surgical classification for low rectal cancer using MRI in association with standardization of surgery according to tumor type. 32 The objective of the classification was to help surgeons in the decision for sphincter-saving surgery versus APR, and which type of sphincter-saving procedure. It also permits to restage the tumor after treatment and thus to change the type of surgery. We classified the tumors into four categories dedicated to four distinct surgical procedures (►Fig. 2):
• type I supra-anal (> 1 cm from the anal ring) had ultralow anterior resection; • type II juxta-anal (< 1 cm from the anal ring) had partial ISR;
• type III intra-anal (IAS invasion) had total ISR; • type IV transanal (EAS or levator ani invasion) had APR.
Type IV was divided into three subgroups depending upon the level of invasion of the anal sphincter complex: IVa levator ani muscles, IVb EAS, IVc levator ani muscles, and EAS. Anatomical structures were considered as invaded when the radiological circumferential margin was 1 mm. 18, 19 Infiltration of the intersphincteric plane was considered as invasion of the external sphincter.
Surgical Technique of Intersphincteric Resection
The anal canal is exposed with a self-retaining retractor (Lone Star Retractor; Lone Star Medical Products Inc., Houston, TX) and a gauze is introduced into the rectum to limit the risk of tumor spillage. A circular incision of the anal canal is performed 1 cm below the tumor (►Fig. 3). Both the mucosa and the muscular layer are incised to transect the IAS. Conventionally, the incision at the level of the dentate line or just below, removing one-third or half of the IAS, is a partial ISR. By contrast, incision 1 or 2 cm below the dentate line, removing two-third or the whole of the internal sphincter, is a subtotal or total ISR. Dissection is performed between the internal and the external sphincter by using scissors or cautery in a bloodless plane (►Fig. 4). It begins posteriorly then laterally, where the external sphincter is easier to identify, to finish anteriorly where the plane presents more adhesions. At the top of the anal canal, that is, the level of the anal ring, the rectum is closed by suture to avoid intraoperative tumor seeding, and the dissection is followed along the fibers of the levator ani muscle by using conventional anal retractors or a laparoscopic single port through the anus. The dissection is performed posteriorly and then anteriorly to finish laterally after visualization of the neurovascular bundle. Posteriorly, low rectal dissection is performed behind the sheath of the levator ani muscle, which is usually thickened due to irradiation (►Fig. 5). This sheath is then transected to join the mesorectal plane. Anteriorly the dissection is performed along the prostate or the vagina up to the seminal glands or the cervix, respectively, leaving the Denonvillier's fascia on the rectum. Laterally, the definition of the plane of dissection is enhanced by the previous posterior and anterior dissection, allowing a more accurate dissection with regards to the neurovascular bundle. Therefore, the lateral dissection establishes the connection between both posterior and anterior planes, pushing outside the nerve route. After performing the transanal dissection of the low and mid rectum and mesorectum up to the peritoneal reflection, a conventional five-port laparoscopic procedure is performed. During the laparoscopic procedure, a high ligation of the inferior mesenteric artery and a full mobilization of the left colon, including the splenic flexure, are systematically performed. This allows to achieve a tension-free coloanal anastomosis and to permit transanal extraction of the specimen as well. During this step, care is taken to open enough window into the mesentery to optimize left colon mobilization, but avoiding injury of the marginal colonic artery. The pelvic dissection is performed by conventional scissors with monopolar coagulation. The dissection of the mesorectum begins posteriorly to continue laterally first on the right then on the left and finishes anteriorly. After performing transanal total mesorectal excision (TME), this step is really short and safe. The specimen is extracted through the anus except in obese patient to avoid injury of the mesorectum, a colonic Jpouch and a diverting loop ileostomy are associated with the hand-sewn coloanal anastomosis.
Personal Experience of Intersphincteric Resection Oncological Outcomes
Series of intersphincteric resection demonstrated the feasibility to achieve adequate distal resection margin for low rectal cancer. [33] [34] [35] The technique of transanal ISR enables us to obtain optimal distal margin in all cases, including the difficult narrow pelvis, obese patient, and those with the involvement of the IAS. Indeed, we showed in a previous report of 92 ISR in which the distal margin was safe in 98% of cases with a median size of 2 cm.
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Possibilities to achieve a safe CRM was also reported, ranging from 4 to 8 mm for tumors lying less than 1 cm from the top of the anal sphincter. 15, 33, 35 In the last assessment of our experience regarding 303 ISR over the last 25 years (data not published), the median circumferential margin for such tumors was 5 mm (range: 0-18) without difference over time, whereas the distal resection margin decrease from 25 to 10 mm from the first period of time to the last 7 years of the study. The rate of R1 was 15.5%. We observed 4.8% of local recurrence, and half of the patients with local recurrence had a distant recurrence as well. These good oncological results observed after ISR for a tumor located very close or into the anal canal are due, in part, to the selection of the patients. Some proposed ISR mainly for T1 and T2 low rectal cancer, but in our experience, 44% of patients were ypT3-4. 34, 36 In our opinion, by using neoadjuvant treatment, all grades, and stages of tumors may be considered for ISR, except invasion of the external sphincter.
Functional Outcomes
Beside this oncologic objective, the preservation of fecal continence is the second most important aim to reach an acceptable quality of life. ISR has been proposed as an alternative procedure to abdominoperineal excision (APE) to avoid a permanent colostomy. However, any patients experience low anterior resection syndrome with association of stool fragmentation, fecal urgency, and incontinence. [37] [38] [39] [40] [41] Such continence function disorders could have such a strong impact on patient's quality of life that colostomy might be a more satisfactory option for some of them. 42 We have previously reported from 101 patients that two-thirds of the patients with ISR had less than three stools a day, half had urgency, most of the patients had fragmentation and a quarter suffered from difficulties to evacuate. 43 Full continence was observed in 14% of the patients, incontinence to gas in 36%, minor fecal incontinence in 39%, major incontinence in 11% for whom a colostomy was required in half. Overall, half of the patients had a good bowel functional result in term of continence and 11% suffered from major incontinence. Patients with partial ISR had a better continence than those with total ISR as suggested by the Japanese experience. 44 Finally, only the height of the tumor, and subsequently those of the anastomosis, was associated with continence disorders. The long-term follow-up of the patients demonstrated an improvement of continence with time (►Fig. 6).
Moreover, beside the oncological and the bowel functional outcomes, the TME technique also influenced the postoperative urogenital function. The incidence of postoperative urinary and sexual dysfunctions after rectal excision for rectal cancer was 10 to 30% and 40 to 60%, respectively, after conventional rectal excision versus 0 to 12% and 10 to 35% after introduction of the TME. [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] The better functional outcome following TME is mainly due to the nerve-sparing technique which is part of the TME procedure. 55 Sexual and urinary functions dependent on dual autonomic (sympathetic and parasympathetic) innervation. Among 169 patients who underwent surgery for rectal cancer in our institution, we observed, through a prospective and longitudinal assessment of urogenital function, a temporary urinary dysfunction in men after radiotherapy. 56 By contrast, sexual disorders occurred in more than half of the study population 1 year after surgery, including loss of sexual activity in both males and females, and erectile and ejaculatory dysfunction in males. The male sexual function was still impaired at 12 months after surgery, and predictive factors for this dysfunction were related to tumor characteristics but not to the surgical technique, meaning that ISR procedure did not impact the urogenital function compared with partial or total TME and APE. Taking together the urinary and the male genital functions, 58% of patients had a normal urogenital function (no urinary or sexual dysfunction) before treatment, against 10% at 12 months after surgery (p < 0.001) (►Fig. 7). The rate of sexual activity in females declined from 59% before treatment to 36% at 12 months after surgery (p ¼ 0.02). A temporary dyspareunia occurred three months after surgery and disappeared at 6 months. At 1 year after surgery, the quality of sexuality in active females did not differ from the baseline, that is, no difference of lubrications disorders, dyspareunia, sexual arousal, and sexual satisfaction was observed (►Fig. 8).
However, we have recently reported data from a prospective and randomized study, conducted at our institution, to compare the long-term functional results between transanal and laparoscopic distal rectal dissection in laparoscopic sphincter-saving resection for low rectal cancer with a median follow-up of 38 months. 57 Our data showed a similar bowel and urinary functions between the two groups. By contrast, we observe a marked impaired sexual function after laparoscopic dissection including sexual activity, erectile, and ejaculatory function in men. In multivariate analysis, among patients with preoperative sexual activity, the transanal approach of the low rectum was the only independent factor of healthy sexual activity. All these information, regarding both bowel and urogenital functions, must be given to the patient before taking the decision to treat. The surgeon should be able to offer the best approach to their patients to give the best chance in terms of oncological and functional outcomes.
Risk of Definitive Stoma Formation
The TME trial reported that 19% of "temporary" stomas were not closed during follow-up after TME. 58 Age was reported to be a significant risk factor associated with a decreased likelihood of stoma reversal. 58 Broadly speaking, the nonstoma closure was the main reason of definitive stoma in the majority of studies and was due to early death, age, postoperative complication or adjuvant chemotherapy, and patient's tiredness. [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] Among our series of 297 patients who underwent TME and sphincter preservation with a temporary defunctioning stoma for low rectal cancer until 2010, 180 (61%) had an ISR. 62 The rate of definitive stoma formation has reached 20% after a median follow-up of 69 months. Actuarial rates of definitive stoma were 11% at 1 year and increased by 1%/y to reach 22% at 10 years. Interestingly, ISR did not expose to a higher risk of definitive stoma formation compared with low anterior resection with low colorectal anastomosis or coloanal anastomosis without ISR.
Perspectives
How to Decrease the Risk of R1?
The rectum, pelvic floor, and anal canal have been described as "a tube within a funnel." The rectum and the internal sphincter Intersphincteric Resection Pushing the Envelope for Sphincter Preservation Denost, Rullier 373
form the tube, whereas the levator ani and the external sphincter (both striated muscles) form the funnel. The levator ani muscles are covered by a parietal fascia or pelvic sheath. The plane of dissection may differ according to the surgical approach. The plane is usually mesorectal, that is, anterior to the pelvic sheath during an abdominal, low rectal dissection, whereas it can be posterior to the sheath in case of transanal low rectal dissection (►Fig. 9). We demonstrated a significantly decreased rate of positive CRM from 18 to 4% after transanal dissection compared with abdominal dissection of the low rectum. 63 Our results suggest the transanal approach more consistent than the conventional abdominal dissection to achieve free CRM in the case of low rectal cancer.
How to Change Surgical Procedure: From APE to ISR?
Data from the literature failed to demonstrate that neoadjuvant radiotherapy changes type of surgery in rectal cancer. [27] [28] [29] [30] After demonstrating the interest of our surgical classification for low rectal cancer in association with standardization of surgery according to tumor type, we have assessed the reclassification of the rectal tumor after radiochemotherapy by using a restaging MRI (data not published).
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In 50 patients with low rectal cancers and neoadjuvant radiochemotherapy, we observed tumor downsizing which induced an increased radiological distal margin and free circumferential margin from the anal sphincter complex (levator ani muscles, internal and external sphincter), as compared with the initial MRI. The objective of MRI in this reassessment was not T-restaging because imaging is not accurate in this setting after irradiation, as shown by the MERRION study group. 64 It was downsizing, circumferential margin, and free margin from the anal sphincter. Indeed, MRI permits to diagnose a 1 mm margin which is the key to the surgical decision. 18,19 MERCURY study group also suggest the importance of restaging the primary tumor with a willingness to change the initial plan selectively. 65 Using our classification for restaging after chemoradiotherapy might help the surgeon to change surgical procedure from APE to ISR.
How to Treat Bad Functional Outcome?
The first intention treatment of fecal incontinence after ISR aims to improve colonic emptying by using both a low fiber diet and bulking agents and/or glycerol-based enemas (130 mL; Normacol, Norgine Pharma, Paris, France). The dose of bulking agents is determined for each patient according to the daily number and consistency of stools. In the case of failure, treatment by loperamide might be proposed in association with sphincter re-education by Biofeedback consisted weekly exercises of anal contraction assisted by a specialized nurse. Sacral nerve stimulation is suggested after the failure of medical treatment in association with anal re-education.
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Finally, in the case of failure of all these procedures, we propose cecostomy by the colonoscopic approach to achieve a full colonic emptying by using an anterograde enema. Patients report a high level of satisfaction with this procedure. In the end, 5% of our patients need a definitive stoma formation due to major and refractory fecal incontinence.
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In the case of stool fragmentation, we usually propose in first intention a medical treatment by using mucillage with graded dose increase from one to three doses per day in 3 weeks.
Conclusion
Although definition and impact of fecal incontinence after ISR may vary depending on the surgeon and the patient, it appears clearly that the main limit of ISR is functional rather the oncologic outcome. It is, therefore, necessary to explain to the patient before surgery that ISR includes a significant risk and symptoms of low anterior resection syndrome, mainly the risk of fecal incontinence. Improvement of functional results including both bowel, urinary and sexual functions after rectal excision for cancer should be the main goal in the future treatment of low rectal treatment and ISR. 
